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1. Introduction and Executive Summary

1.1 Research Motivation

Efficient transportation policy requires that responsible policy-makers
expend federal funds for the construction and maintenance of competing
infrastructures based on the relative benefits potential projects will provide
to the national economy. Thus, in order to evaluate the desirability of
proposed navigation improvements to the upper Mississippi’s system of
navigation structures, it is necessary to assess how the proposed
improvements might impact the costs incurred by the shippers of goods to,

from, and within the region.

In a simple setting, developing hypothetical policy-induced scenarios to
compare with baseline forecasts is, at best, tedious work. The upper
Mississippi basin inland navigation system, however, is not a simple
setting. Instead the billions of ton-miles of barge transportation observed
each year represent a fragile confluence of immense and disparate
economic forces. Any policy decision that materially alters relative
transport costs will simultaneously lead to many economic actions and

reactions that may, in turn, significantly alter barge traffic volumes.
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The complexity of upper Mississippi transportation and its role in a
remarkably diverse set of related transport and product markets mandates
analytical structures and empirical techniques that extend well beyond the
traditional methods used to calculate navigation project benefits in simpler
settings. Specifically, it is essential that study methods preserve the
myriad economic relationships that lead to currently observed commodity
flows. Any defensible long-run analysis of upper Mississippi barge traffic
must include a more careful accounting for both spatial a[lnd product

substitutes than has typically occurred in similar studies.

In response to the challenges posed by the Upper Mississippi River,
lllinois Waterway Navigation System Feasibility Study economic analysis,
U.S. Army Corps of Engineers (Corps) personnel have significantly
modified the analytical framework in which the Corps’ principles and
guidelines are applied. The new framework successfully embodies the
economic relationships alluded to above. In its current form, however, the
methodology requires data describing demand relationships that are not
immediately available. Without these demand data, it is not possible to
produce practical estimates of project benefits. Thus, additional analytical
measures are necessary to bridge the gap between current model
requirements and available information. It is this need that has given rise

to the current investigation.

In response to the informational needs fostered by the upper Mississippi
study, the Center for Business and Economic Research (CBER) at
Marshall University, in conjunction with Bicentennial Volunteers

Incorporated, has agreed to investigate the nature of transportation

! Any specific consideration of the impacts of the upper Mississippi study on future
studies elsewhere is beyond the scope of the current analysis.
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demands in the upper Mississippi River basin and to provide additional

information where available. Specifically, CBER has:

Conducted a thorough theoretical review of methodologies currently
used within the upper Mississippi economic analysis;

I. Developed additional information, where possible, to supplement
currently available data; and

[I. Combined existing information with data developed under Task Il to
yield recommendations of specific input values to be used in
subsequent calculations of upper Mississippi havigation project
benefits.

1.2 Summary of Findings — Modeling Efforts

In the course of the upper Mississippi analysis, there has been
considerable discussion of the appropriate theoretical treatment of
economic consequences of potential changes in transportation costs.
These discussions have been extended to also consider how the
theoretical treatment might be translated into reliable empirical estimates
to be used in further calculations. At the heart of these discussions lie a
theoretical model and an empirical counterpart both developed by the
Corps’ St. Louis District. The theoretical construct is referred to as the

Spatial Equilibrium Model or (SEM). The empirical companion model is

referred to as the Inland Navigation Excel Spreadsheet Spatial Equilibrium
Nascent Concept Execution or (INESSENCE). Within the current
document, the SEM and the INESSENCE will be referred to collectively as
the St. Louis Model.

The St. Louis Model represents a significantly more complex approach to
the calculation of navigation project benefits than has typically been
evidenced in similar studies. Specifically, in the case of non-grain
commodities, it allows for the quantities of barge transportation demanded

to decline as barge rates increase well in advance of any modal
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substitution. Similarly, in the case of grain movements, barge traffic is
allowed to decline gradually as barge rates increase rather than being
held constant up to the point where all traffic is lost to some transportation
alternative. Additionally, the St. Louis Model can be modified to
incorporate the impacts of industry self-help or the imposition of

congestion tolls.

The demands for the movement of all commodities are “derived” from the
role the commodities play in subsequent production processes.
Consequently, the incremental declines in the demand for barge services
associated with increased barge rates are driven by the profit-maximizing
behavior of the firms that use the shipped commodities in subsequent
production. Profit-maximizing behavior — under any market structure —
predicts that producers will base output quantities on the demand for their
products and the prices of the inputs necessary to the production process.
Thus, even though a producer may continue to source an input from the
same location in the face of increased barge rates, the increase in barge
rates will typically lead that producer to reduce output quantities and,

thereby, the quantity of barge transportation demanded.

In application, the St. Louis model utilizes a parametric demand construct
for all commodities. Demand curves are defined for each origin-
destination-commaodity triplet and are anchored by the observed
rate/quantity combination and the point on the vertical axis that
corresponds to the next-best alternative transportation price. These
curves can then be made convex or concave depending on the parametric
value that is appropriate . Parametric values less than one result in
concave demand curves; values equal to one produce linear demand

curves and values greater than one yield convex demand curves.
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In the case of grain movements, barge traffic is gradually lost to other
transport modes and/or destinations because of the spatial proximity of
farm production to navigation facilities. This clearly suggests that the
anchor points employed in the St. Louis Model are appropriate so long as
the best alternative price is effectively captured and assuming that there is
no local constraint on the maximum distance over which grain can be
drawn to the river. With regard to the concavity or convexity of demands,
a circular drawing area and constant motor carrier rates would suggest an
exponent value of 2.0. However, for reasons discussed below, it may be

desirable to modify this value slightly.

In the case of non-grain commodities, the demand construct currently
embodied within the St. Louis Model may or may not fully capture the
relationship between barge rates and the quantities of barge
transportation demanded in various markets. Specifically, the model’s
vertical intercept — clearly supported in the case of grain -- is more
suspect when the relationship between rates and quantities demanded is
dependent on downstream production decision rather than distance
between production and the river. Likewise, even if the currently
employed intercept is appropriate, the absence of any significant variation
in the proximity of producers to the river makes the determination of the
appropriate parametric value more difficult. Ultimately, in the case of non-
grain commodities, the shapes of the derived demands for barge transport

are an empirical rather than theoretical matter.

1.3 Summary of Findings — Development of Additional
Information

As indicated above, in the case of non-grain commodities, the St. Louis
Model requires specific information detailing demand relationships in order
to generate the set of empirical estimates necessary to carry the analysis

forward. Ideally, this would be addressed through the simultaneous
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estimation of long-run demands for motor carrier, rail, and barge
transportation. Unfortunately, the data necessary for such an analysis are
currently unavailable. It was, however, possible, to use existing data to
shed some additional light on the nature of the demand for the barge
transport of non-grain commodities. Specifically, data describing the
relationship between observed railroad rates and quantities demanded
were used, in combination with other data, to estimate short-run derived
demands for rail transport. With some significant assumptions, it is
possible to combine the estimated derived demands for rail transport with
observed barge rate and quantity data to obtain a rough approximation of
short-run barge demands. Estimated short-run own-price elasticities for
railroad transport are reported in Table 1.1 along with estimates of the
elasticities of demand, with respect to proximity to available barge

Bl

transport.~ The methods used to obtain these estimates are fully
described in Section 4.1.1 and the means by which they may be applied to
develop approximations of short-run barge transport demand curves are

detailed in Section 4.1.2.

Finally, economic theory suggests that long-run demands for
transportation are likely to be more price-elastic than short-run demands.
Consequently, NED estimates based on short-run demands would
probably overstate the actual value of new facilities. In the current setting
it is not possible to remedy this deficiency empirically. It is possible,
however, to at least identify the magnitude of the potential bias in the case
of one commodity relative to that bias in the case of other commodities.

2 Own-price elasticity is defined as the percentage change in the quantity demanded of a
good given some percentage change in that good’s price. More generally, any elasticity
is defined as the percentage change in one variable given some percentage change in
some related variable. Thus, the elasticity of rail quantity demanded with respect to
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Table 1.1
SHORT-RUN ELASTICITIES OF DEMAND FOR RAIL TRANSPORT

Elasticity of
Elasticity of Demand for
Demand for Railroad
Railroad Transportation
Own-Price Transportation with Respect to
Elasticity of the with Respect to Destination
Demand for Rail Origin Distance Distance to
Commodity Group Transportation to Water Water

Metallic Ores -0.9889 0.0474

Coal -0.7655 0.0959 0.0287
Non-Metallic Minerals -0.8126 0.0266

Food & Kindred Prd. -0.5035 0.0074 0.0079

Lumber and Wood Prd. -0.6635 0.0093 0.0090

Chemicals -0.3380 0.0046 0.0058
Petroleum Prd. -0.6903 0.0106

Rubber and Plastics -0.4387 0.0282 0.0287

Stone and Glass Prd. -0.7021 0.0145 0.0134

Primary Metal Prd. -0.5516 0.0097 0.0104

Fabricated Metal Prd. -0.5539 0.0355 0.0302

Scrap Materials -0.6565 0.0098 0.0096

Note: Blank cells indicate that estimate was insignificant at a 90% confidence level

Accordingly, efforts were made to estimate the longevity of capital in
various production processes. The estimates were then used to rank
commodities according to whether the inclusion of long-run considerations
would produce more or less of a computational bias. These rankings
appear in Table 1.2.

1.4 Summary of Findings — Recommended Values

The upper Mississippi analysis can only proceed when NED benefit values
have been calculated. This, in turn, requires specific estimates of the
functional relationship between the own-price and the long-run quantity of
barge transportation demanded within each market considered by the

investigation.

origin or destination distance to water simply measures how responsive rail quantities are
to available navigation.
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Table 1.2
RELATIVE LONGEVITY OF CAPITAL

Relative
Longevity of
Industry Capital (High
to Low)
Electric Utilities 1
Petroleum and Coal Products 2
Primary Metal Industries 3
Printing and Publishing 4
Fabricated Metal Products 5
Food and Kindred Products 6
Lumber and Wood Products 7
Chemicals 8
Paper and Allied Products 9
Stone, Clay, and Glass Products 10
Rubber and Plastic Products 11

For grain, the empirical specification embodied within the St. Louis model
is appropriate in its current form. To the extent that time may allow, it may
be useful to revisit the prices of the best transport or marketing
alternatives that form the intercept for barge transport demand curves. It
should be observed, however, that variations in these values impact NED
calculations less than it would first seem, so that any examination that

entails significant monetary or temporal costs may not be justified.

Regarding the parametric value that determines the concavity or convexity
of the demand curves, strict mathematics would imply a value of 2.0.
However, agricultural experts elicited by the Corps could only concur that
appropriate actual values probably are between 1.0 and 2.0. Given no
theoretical or empirical reason to do otherwise, the current analysis
recommends that a value of 2.0 be used as the exponential value in

subsequent simulations.
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For non-grain commodities, estimates of the derived demands for railroad
transportation can be used in a variety of ways to supplement the current
methodology. At the very least, these demand curves further restrict the
area in which the long-run demands for barge transport can actually lie.
Used in this fashion, the railroad demand elasticity estimates limit the
parametric values to some minimum without necessitating any
modification in the structure of the St. Louis model.EI This approach makes

the most conservative use of the estimated demands for rail transport.

Alternatively, as described in Section 4.1.2, with the appropriate
simplifying assumptions, it is possible to modify the structure of the St.
Louis model so that estimated rail demands can be used, in conjunction
with barge price/quantity data, to directly approximate demand curves for
barge transport. This latter approach would yield much more specific
estimates of the demands for barge transportation. It does, however,
represent a significantly more aggressive use of the rail demand
estimates. This approach would also require modifications to the St. Louis
Model that make it modestly more restrictive in its economic assumptions.
Ultimately, it is the author’s judgement that the more conservative

application is the most defensible.

1.5 Cautions and Caveats

The development and application of the St. Louis Model in the
assessment of project benefits in the upper Mississippi basin is a
watershed event in the arena of transportation policy-making. As might be

expected, however, the adoption of a new and significantly different

3 Specifically, the estimated derived demands for rail transport are based on a construct
that implies a constant elasticity of demand for each demand curve. The demand curves
embodied with the St. Louis Model feature a constant exponential parametric value that
allows elasticities to vary throughout the length of any given demand curve. In the case
of non-grain commodities, it is not clear that one form is superior to the other. It should
be noted, however, that allowing elasticities to vary is less restrictive.
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methodology, has lead to a number of uncertainties and

misunderstandings in its initial application.

The results and economic theoretical foundations of the St. Louis Model
are demonstrably superior to similar results obtained under other
methodologies both from a theoretical and an empirical standpoint.
However, these results could be improved through the development of
additional data. The Model requires large volumes of, heretofore,
unnecessary information about specific demand relationships and this

requirement has proved to be problematic for analysts.

The explanations, research, and recommendations contained in the
remainder of this document are intended to remedy the paucity of
empirical information that has plagued the initial application of the St.
Louis Model. Current efforts should not, however, be viewed as providing
definitive results that will stand unaltered through future applications. To
the contrary, the application of the St. Louis Model in the upper Mississippi
basin clearly points to the need for additional research in the areas of

spatial equilibria and transportation demands.
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2.Theoretical Basis

Like all input demands, the demand for transportation service is derived
from the demand for the shipped commodity in subsequent production
processes. ltis, therefore, possible to use traditional microeconomic
theory as a basis for formulating and estimating transport demand
functions, so long as the spatial nature of transportation is incorporated

within any analytical framework.

Within the current framework, it is also important to distinguish between
the short-run demands exhibited by shippers who face a limited range of
transportation / production alternatives and the long-run demands
evidenced when shippers may choose to relocate or discontinue

production.

The remainder of this section provides an overview of the economic
principles that are applicable to the development of barge transport
demand curves in the Upper Mississippi basin. This includes a full
exposition of derived demand and a lengthy discussion of spatial

equilibria.

2.1 Optimal Transportation Use and Derived DemandEI

The demand for transportation service in any particular market is
comprised of the individual demands of the shippers who patrticipate in
that market. These individual demands, in turn, reflect the attempts of

shippers to maximize some stream of current and future firm profits.

* The discussion of derived demand is based on the treatment of this topic within Walter
Nicholson, Microeconomic Theory: Basic Principles and Extensions, Sixth Edition,
Dryden Press, 1995.
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A demonstration of the relationship between profit maximization and factor
demands is relatively simple. Imagine a firm that uses variable quantities
of two inputs T and F to produce variable quantities of some output, Q that
it then sells at a market price of P. Let T be a transportation input and F
be some other composite input. The firm’s profit function may be specified

as:

m =PQ xQ-CQ

Where P(Q) reflects the demand for the firms output and C(Q) represents
the cost of producing various quantities of that output. Further, Q is a
function of inputs T and F which the firm purchases at Pt and Pk.
Assuming well behaved functional forms, there is an optimal (cost
minimizing) combination of T and F for every quantity Q that is determined
by the manner in which T and F can be combined in production and the
respective prices of these two inputs. Consequently it is possible to re-

specify the profit function as:

m=mn(P, Pr,PFr)

This is commonly referred to as the indirect profit function. It embodies
the same relationships evident in the direct profit function, but makes
explicit the fact that the magnitude of profits available to the firm in any
time period is a function of the price it can attain for its products and the
prices it must pay for its inputs. Assuming that there is some maximum
level of profits per time period, this maximum (1t*) can also be expressed

as a function of input prices and the price of the firm’s output. That is.
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m =m(P, Pr, Ps)

Finally, a very powerful application of the envelope theorem known as
Hotelling’s Lemma makes it possible to recover the demand for the two

factors, T and F from the indirect profit function. Specifically,

O _ _1*(p, Pr,Pr)
0P~

and
O _ _E*(p, Pr, Ps)
Pr

are the negatives of the two factor demand functions, so that it is possible
to identify the derived demand for transportation that stems from the profit

maximizing process (T*) where:

T =T"(P, Pr,P)

While there is nothing novel about this derivation, the link between profit
maximization in output markets and the price of inputs has powerful
implications within the current context. Specifically, profit maximizing
behavior, in the face of an input price increase, forces producers to
consider reducing output quantities and the quantities of inputs demanded
as well as evaluate opportunities for factor substitution. Within the current

example, where no transportation substitute is available, this implies that
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an increase in Pt would lead to a reduction in Q, F, and T. In short, the

derived demand curve for T is downward sloping.

2.2 Short-Run Substitutes

The spatial nature of transportation, combined with the assumption of
profit maximization described in Section 2.1, yields derived demands for
transportation that are significantly more complex than the demands for
other productive inputs. In particular, the demand for transportation within
a specific market is often affected by available transportation to and from
alternative locations. Thus, while there are product substitutes for most
physical factors of production, opportunities for spatial substitution add a
dimension to transport demands that is absent in most other factor

demands.

The availability of spatial substitutes greatly complicates the decisions that
shippers must make and their resulting demands for various transportation
services. The combined effect of product and geographic substitutes on
the demands for transportation is underscored by a representative
example. Low sulfur, low Btu coal is shipped by rail from the Powder
River Basin (PRB) of Wyoming and Montana to a number of electricity
generating facilities throughout the mid-west. Based on Section 2.1, one
would expect that the demand for the transportation of Powder River coal
is a function of the mine-mouth coal price, the price the generating firm
receives for its electricity, and the price of railroad transportation. These
factors do, in fact, directly affect the quantity of coal transported from the
Powder River basin in any given time period, but this quantity is also

affected by the availability and pricing of spatial substitutes.

Low sulfur coal with a higher Btu content is mined in Colorado and Utah.

This coal has a higher mine-mouth price and is more expensive to move
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by rail to mid-western locations, but the higher Btu content also makes it
more productive in the process of generating electricity. Similarly, the coal
mined in the central Appalachia has a relatively low sulfur content and
high Btu content. Like Colorado and Utah coal, central Appalachian coal
is relatively expensive to mine and to transport by rail, but it is also more
productive than Powder River coal. Additionally, unlike western coal,

central Appalachian coal can often be transported by barge.

In this example, there are potential spatial and modal substitutes. It may
also be possible for the producer to substitute fuel oil or natural gas for
coal — particularly in a long-run setting. All such substitutes can affect the
profit-maximizing decisions of the power producer in this example.
Therefore, the price of each of these substitutes may affect the profit-
maximizing quantity of Powder River coal and, therefore, serve as an

argument within the derived demand for the transportation of PRB coal.

Section 2.1 makes it clear that, by affecting profit-maximizing output
guantities, changing transportation prices can lead to changes in the
guantity of transportation demanded - even when there is no opportunity
for substituting another form of transportation. It is also clear that the
potential substitution of alternative carriers, modes, routings, or products is
of paramount importance to the proper treatment of the demand for

transportation services.

2.3 The Short-Run / Long Run Distinction

The example described above considered possible modal, spatial, and
product substitutes that might require the producer in question to modify
its production process and desired level of output. Thus, one might
reasonably question the effects of these substitutes on the short-run

demand for transportation. Efficient policy-making requires, however, that
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the costs used to evaluate navigation project benefits be those costs
observed in a competitive long-run equilibrium. In addition to increasing
the number of potential product, modal, and spatial substitutes available to
producers, this necessary long-run vantage has further implications for the

derived demands described in Section 2.1.EI

In the short-run, the quantities of some inputs are, by definition, fixed.
Typically, this fixed capital is embodied in the firm’s physical plant found at
specific geographic locations. In the long-run, producers can modify
physical facilities to accommodate alternative modes of transport or
modify production processes to use different commodity inputs or, if they

d There are also two additional alternatives available to

desire, do both.
firms in the long-run. First, they may choose to cease production
altogether. Second, and more importantly, in the long-run, firms may elect
to place necessary new capital in an alternative location that provides

them better access to input and output markets.

Within the context of the Section 2.1 discussion, imagine that at some
point in time, the profit-maximizing seller suddenly has a set of
transportation prices over which to make its decision and that each of the
elements in this set or vector of prices represents a different location
decision. The producer now must choose its output quantity, input

guantities, and production location based on the price of the composite

® In addition to being long-run in nature, the competitive costs described here are also: 1)
forward-looking; 2) based on least-cost technologies; 3) incremental; and 4) traceable to
underlying causes. See Reconciling Prices and Costs in NED Benefit Calculations, U.S.
Army Corps of Engineers, Huntington District, September, 1997.

®Itis tempting to suggest that the modification of facilities represents a cost that should
be included in the calculation of project benefits. It would, however, be inappropriate to
do so. In the long-run, if the producer wishes to continue production, it will have to
replace existing facilities. Thus, the only relevant question is whether replacing current
capital assets with facilities that can accommodate other modes or commodity inputs is
more or less costly than duplicating current facilities.
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input factor, expected output price, and the various transportation prices

available at alternative Iocations.IZI

To summarize, the relationship between the quantity of transportation
demanded from a particular mode and the prices various modal providers
can charge is derived from the long-run profit-maximizing decisions of

shippers and is, therefore, affected by:

* The price of the “downstream” product for which the shipped
commodity is an input;

* The pricing of other inputs used in the “downstream” production
process;

* The availability and pricing of modal substitutes;

* The availability and pricing of transportation alternatives over
different origins and destination pairs;

* The availability and pricing of substitute inputs; and

* The long-run locational alternatives available to the producer.

Attention to each of these factors is important to both the theoretical and
empirical treatment of transportation demands in the Upper Mississippi

River basin.

2.4 Freight Transport in the Upper Mississippi Basin

While containing a few specific examples, the theoretical discussion, to
this point, has be sufficiently broad to allow application to any freight
transportation setting. There are specific conditions observable in the

" The process of intertemporal profit-maximization is actually far more complex than
represented here. For a comprehensive discussion of intertemporal optimization
techniques see: Morton I. Kamien and Nancy L. Schwartz, Dynamic Optimization: The
Calculus of Variations and Optimal Control in Economics and Management, 1981, North
Holland .
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upper Mississippi basin that allow further modifications to the theoretical
constructs offered so far. Treatment of these specific conditions helps to
ensure that any ensuing estimates of transport demands are as accurate

as possible.

2.4.1 Grain Transportation

Grain — particularly corn and soybeans — is the commodity that is
transported most frequently on the upper reaches of the Mississippi River.
In fact, in 1997, roughly 50% of all commercial navigation ton-miles

Bl

reflected grain movements.™ The importance of this commaodity group,
combined with the highly variable, highly versatile structures of the
markets in which grain is transported and consumed, makes the effective

treatment of this commodity group essential within the current context.

Because the production of grain occurs, more or less evenly, over an
extraordinarily large space, it must be gathered over this space for
subsequent use. This gathering process imposes costs that are
fundamental to any treatment of the demands for rail and barge grain
transport. Specifically, rail loading facilities and opportunities for local use
are much more evenly dispersed throughout the principal grain-producing
regions of the U.S. than are the locations at which grain can be loaded to
barge. Thus, while the line-haul costs for barge transport are usually
significantly lower than line-haul costs over some alternative mode, the
competitive influence of commercial navigation and the benefits it confers
to barge users are limited by the relatively high cost of transporting grain

to the river.

Generally, grain will be gathered to one of three locations — a location
where it can be processed or consumed locally, a location where it can be

loaded for rail shipment to a final market, or a location where it can be

8 Though technically inaccurate, grain is here defined to include soybeans.
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loaded to barge. The combined gathering and shipping costs for these

three alternatives can be specified as:EI

C(Local) = iQd(T)d

C(Rail) = i Qu(T)d + (R) i Qq

C(Barge) = i Qu(T)d + (B)i Qu

where: d = a specific distance from the gathering point;

Qq = the quantity of grain available at distance “d” from
the gathering point;

D = the maximum distance from the gathering point;

T = the transport rate per unit distance “d” from the
Gathering point;

(R) =the railroad line-haul cost to final destination; and

(B) = the barge line-haul cost to the final destination.

The demands for barge and rail transportation can be derived directly from
these costs and the relative delivered prices for grain in final markets.
Two points emerge immediately from this simple construct. First, in the

absence of final market price differentials, all grain would be consumed in

% In a strict mathematical sense, because distances are continuous, the above
specification is inappropriate. However, given that the empirical treatment that follows is
based on one-mile distance increments, this specification is, nonetheless retained.
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local use. Second, line-haul rates and maximum drawing distances “D”
are bound to be inversely related. What is less clear, but vastly more

important, is that Qq is an increasing function of “d”.

To begin to see the emergence of a spatial equilibrium, imagine that there
is no rail transportation and only a single river location where grain can be
loaded to barge. Also assume that all grain can be consumed locally
where grown at a value of P__ or sold in a barge-served market at price Pg.
If the effective price available to producers favors local consumption for

any positive distance “d” from the river, that is if:

Ps - E:(Barge) = Z’)Qd(T)d + (B)de E< PL

then all grain would be consumed locally. If, however, either the market
price Pg rose sufficiently or the transport prices (T) or (B) fell sufficiently to
reverse the inequality, then some portion of grain produced would be
loaded to barge. A small differential would produce a small drawing
distance, D and a relatively large differential would produce a relatively

large maximum drawing distance. This outcome is pictured in Figure 2.1.

In this figure, each circle surrounding the barge facility represents the

maximum drawing area for a different value of Pg — C(Barge), where

Pg — C(Barge) > P

Again, what this figure does not necessarily make clear is that each time

“D” is increased incrementally by an amount “d”, the total quantity moving

Page 20



by barge increases exponentially because of the two-dimensional nature

of the drawing area.EI

Figure 2.2 holds all variables constant except for (B), the line-haul cost of
barge, then relates decreases in (B) to increases in the drawing area and
in the quantity of barge transportation demanded. As the barge rate, (B)
falls, at first, a trickle of grain is drawn to the river for barge transport.
However, as (B) continues to fall at some constant rate and the drawing
area increases at some constant rate, the demand for barge transport
increases rapidly. Thus, in terms of own-price elasticity the demand for
barge transport based on the current construct is very elastic at relatively

high barge rates and very inelastic at lower barge rate levels.

Without belaboring this example, suffice it to say that the same general
pattern of barge demand survives when there is more than one barge
facility, when rail loading facilities are made available at off-river locations

and, when local consumption is not confined to gathering points.

The integration of these additional alternatives does, however, have
implications for the shape of the drawing area surrounding each water
facility. Specifically, where a rail market, local market, or alternative barge

1% |n the case where the drawing area is a circle, exponential growth takes a quadratic
form. However, the collapse of a two-dimensional shape into a single point guarantees
that the growth in total quantity will be exponential regardless of the shape of the drawing
area.

" Local consumption need not be at off river locations, or locations without rail service so
long as there is sufficient flexibility in local market prices. On-river processors or
processors in rail-served areas could take as much local production as they desire, then
allow any remaining grain to be shipped out of the area by barge or rail. This pattern of
behavior would, however, necessitate measurable variations in Py.
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Figure 2.1
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Figure 2.2
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market abuts an existing barge market, there is the high likelihood of linear
market boundaries. Likewise, natural geographic attributes, market
interactions among ports, and spatial asymmetries in production can also
distort the drawing area of a particular navigation port facility. Ultimately,
the actual shape of a specific drawing area is an empirical question.
Nonetheless, the range at which navigation ceases to effectively constrain
rail rates combined with the distances between major river terminals tends
to support the general application of a circular shape for most drawing

areas.IEI This topic is discussed further in Section 3.1.

s Empirical estimates suggest that navigation loses its ability to affect rail rates for grain
shipments at a distance of between 50 and 100 miles. Thus, if barge drawing areas are
roughly circular, major river facilities should be located between 100 and 200 miles apart.
See Rail Rates and the Availability of Water Transportation: The Upper Mississippi
Basin, U.S. Army Corps of Engineers, Rock Island District, 1997.
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2.4.2 Non-Grain Commodities

Table 2.1 summarizes commodity flows on the Mississippi River for 1997.
With the exception of some chemicals used in fertilizer production, it may
be reasonably assumed that these commodities had actual origins and
destinations that were at or very near the locations where they were

kel

loaded to and unloaded to or from barge.

The fact that most non-grain commodities move relatively short distances
to or from the river makes the theoretical analysis of the demand for non-
grain commodity transportation far simpler than in the case of grain.
Essentially, any changes in barge quantities associated with changes in
barge rates can be attributed to revisions in the producers’ output
decisions, so long as barge rates remain below the lowest rate for

alternative transport.

Table 2.1
1997 MISSISSIPPI BARGE TRAFFIC

(thousands of tons)

Commodity 1997 Tons
Farm Produ